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Summary 
It is estimated that 520 gigalitres (GL) of water is used annually for irrigation in Western 
Australia.  Around 150 GL is used in the Kimberley and Gascoyne regions, and 370 GL in 
south-western regions.  At State level, 55% of water used in agriculture is for high value 
horticulture crops, and in the South West horticulture represents 65% of total water use.  This 
large proportion of high value horticulture can be compared, for example, with the Victorian 
Goulburn-Murray, where horticulture represents 5% of irrigated water entitlements.  
Analysis of the economics of different irrigation enterprises indicates that there is a wide 
range of returns to water within the agricultural sector.  In some activities, the calculated 
asset value of water is very high.  For example, it is estimated that at least 200 GL of water 
used in the south western regions has a potential asset value in those activities of at least 
$5,000 per megalitre.  Other activities, particularly beef and dairy production on low yielding 
flood irrigated pastures, have asset values close to zero.  The variation in asset values 
between activities implies that future quantity of water used in agriculture will be sensitive to 
water policies that affect the perceived scarcity of the water. 
Prospects for growth in underlying demand for water as an input to agricultural production 
will be determined largely by growth in the underlying markets.  In most enterprises in WA, 
expansion of irrigated area will impact upon product prices unless there is expansion in 
underlying domestic demand and/or export growth.  
The WA horticulture sector has become increasingly export oriented, with annual growth in 
exports of 5% for vegetables and 10% for fruit over the past eight years.  Whilst this strong 
growth may be attributed to favourable exchange rate movements over the period, there are 
good prospects for growth in the sector.  Given the high asset value of water used in these 
crops, it is unlikely that a more market-based water policy would have a significant impact on 
such growth over the medium term.  On the other hand, aspects of water policy reform aimed 
at increasing investment security, and development of infrastructure that allow economies of 
scale to be achieved, would promote the development of this high valued sector. 
In the South West, it is estimated that 106 GL is currently used for irrigated pasture 
production.  The economics of irrigated pasture is generally much less favourable than 
horticulture crops, except on dairy farms with very productive pastures.  Water policies that 
focus on market-based instruments for reallocating water within and between sectors would 
result in a significant reduction in irrigated pasture activity.  In particular, water currently used 
to irrigate beef pastures, and most flood irrigated pasture production for dairy, has a very low 
return.  It is possible that around 50 GL of (permanent) water could be sourced from irrigated 
pastures at a cost less than $200/ML.  The very low value of these activities implies that 
adjustment out of the sector would be beneficial to farmers and society, but the timing and 
mechanism of such adjustment would have different cost and social implications.  
The findings are based on a very aggregate and long term perspective of water use at 
industry level.  Several caveats need to be considered when interpreting these results.  First, 
estimates of total water use are probably underestimated because they are based on crop 
application rates, and actual water use may be higher on average because of the low 
(perceived) price for water.  Increased water scarcity within the sector will motivate farmers 
to improve irrigation practices and reduce water consumption per unit of output.  The impact 
of potential efficiency savings resulting from adoption of current best practices will be an 
additional saving from water policy reform that is not covered in this report.  
Difference in characteristics of irrigations farms will imply the calculated asset values for 
water will vary from the general values reported here.  Low water efficiency will imply lower 
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asset values; whereas economies of scale, the nature of sunk capital, freight and labour 
costs, and soil and water characteristics will all affect asset values for individual farmers.  
These differences will drive an active water market provided that the water is perceived to be 
scarce.  The key to enforcing water scarcity values is the development of a clear entitlements 
system, the monitoring of water consumption against those entitlements, and the facilitation 
of trade in these entitlements. 
This report shows the estimated long-term values of water, which should reflect the 
maximum willingness to pay for water by farmers wishing to make future investments in 
various irrigation enterprises.  These values do not account for the sunk nature of capital on 
existing farms.  The benefits of using sunk irrigation assets for the remainder of their useful 
life can increase the value of using water in existing activities in the short term.  A more 
detailed analysis would be necessary in order to investigate the impact of sunk capital and 
adjustment costs on the time required to achieve large changes in the quantity and mix of 
irrigated enterprises in Western Australia.  
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1. Introduction 
This report contains the results of a study commissioned by the Department of Agriculture 
and Food to investigate the economic factors that may impact on the future demand for water 
in Western Australia.  It is part of a series of studies undertaken by the Department which 
investigate future irrigation potential in WA.  
From an economic perspective, future demand will depend on the profitability of irrigation 
activities, which drives demand for water as an input to irrigated agriculture.  The amount of 
water ultimately used by the sector will depend not only on the demand (or willingness to pay 
for) water, but also on the policies governing water use in the sector.  Most of the emphasis 
of this report is on the economics of demand in the South West, because it is in these 
regions that the potential opportunity cost of water to society is high, due to competing 
demands from other sectors, particularly urban and environmental needs. 
Because the profitability of irrigation varies widely between different types of activities, a 
detailed examination of the profitability of the main irrigated crops, and future outlook of 
these crops is required.  The report contains a general overview of irrigation water use in 
Western Australia, and details of the major irrigation activities in each region are presented.  
The second part presents an analysis of the economics of water demand for different 
irrigation activities, with particular emphasis on the South West.  The potential growth in 
markets for irrigated produce is then reviewed, to project the potential growth in the demand 
for irrigation water over the medium term.  The report concludes with a discussion of how 
water policy will ultimately drive the quantity of water used within the sector, and the value 
derived from such use.  
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2. Overview of irrigation industries in WA 
While there are some difficulties in obtaining accurate estimates of current water use in 
irrigation industries in WA because of the absence of monitoring, the best available 
information indicates that annual on-farm use is around 520 GL.  Horticultural industries 
make up more than half of total water use.  Based on the definition of water use regions 
shown in Table 1, estimates of water use by region are derived as shown in Table 2.  These 
were calculated from area planted statistics in local government areas from the 2000/01 
agricultural census1, and using crop application rates from the Department of Agriculture and 
Food (Wright 2004a).  Summary statistics are illustrated in Figure 1, which compares the 
share of land use, water use and gross value of production between irrigation activities at 
State level. 
Table 1. Definition of regions used in the study 
Regions Local Government Areas 
South Western Regions  
Gingin Dandaragan, Gingin 
Metro North Wanneroo, Swan 
Metro East Armadale, Chittering, Kalamunda, Mundaring 
Metro South Cockburn, Gosnells, Kwinana, Rockingham, Serpentine-Jarrahdale 
Mid-West Carnamah, Chapman Valley, Coorow, Greenough, Irwin, Mingenew, 
Northampton, Three Springs, Victoria Plains 
Peel-Harvey Boddington, Dardanup, Harvey, Mandurah, Murray, Waroona 
Preston-Warren-Blackwood 
(PWB) 
Boyup Brook, Bridgetown Greenbushes, Donnybrook-Balingup, Kojonup, 
Manjimup 
Whicher Augusta-Margaret River, Busselton, Capel, Nannup 
Great Southern Albany, Cranbrook, Denmark, Esperance, Jerramungup, Plantagenet, 
Ravensthorpe 
Northern Regions  
Gascoyne Carnarvon, Murchison, Upper Gascoyne 
West Kimberley Broome, Derby 
East Kimberley Wyndham East Kimberley, Halls Creek 
Source:  Wright (2004) 
At State level, the total quantity of water used on horticulture crops is 55%, which is 
considerably higher than water allocations to horticulture in the Murray Region.  For example, 
in a survey of water users in 1996/97, only 5% of water in the entire Goulburn-Murray region 
was used for horticulture, the remainder being for dairy, mixed grazing and crops (Goulburn 
Murray Water irrigation survey, 1996/97, Victorian Department of Primary Industries). 
 
                                                
1 Crop area statistics, rather than irrigation statistics were used in this report.  These figures (from 
the same census questionnaire) vary significantly and crop area is considered to be more reliable.  
See discussion in Appendix. 
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Table 2. Estimated water use in Western Australia, 2000/01 
 Water use in gigalitres 
Region Horticulture Pasture Other Total 
Gingin 37.52 0.79 6.51 44.81 
Metro North 23.96 0.94 2.72 27.62 
Metro East 50.89 0.72 2.87 54.48 
Metro South 19.80 2.12 1.47 23.38 
Mid-West 2.89 1.56 3.11 7.57 
Peel-Harvey 16.69 91.21 1.52 109.42 
Whicher 18.62 2.97 2.45 24.04 
PWB 55.95 5.22 0.91 62.07 
Great Southern 17.67 0.52 0.72 18.90 
Total South West 243.98 106.05 22.28 372.31 
East Kimberley (Ord) 31.82 7.95 88.41 128.17 
West Kimberley 3.30 0.14 0.03 3.48 
Gascoyne 10.14 8.25 0.21 18.60 
Total Northern 45.26 16.34 88.65 150.24 
State Total 289.24 122.39 110.92 522.56 
Percentage by activity group 55% 23% 21%  
Source:  Calculated from area planted statistics, AgStats 2001, and estimated water application rates. 
 
 
Figure 1. Land and water use and gross value of production for WA irrigation activities, 2000/01. 
There were significant changes in irrigation activity between the 1996/97 and 2000/01 
censuses, as illustrated in Figure 2.  These figures are shown on the same scale to illustrate 
the relative size of the South Western and Northern irrigation regions.  Irrigated production 
increased for all activities in the South West, although the change in pastures and cereals 
was small compared to other activities.  Expansions in olive and grape plantings were the 
main drivers of change in irrigated land use between the census years.  In the north, growth 
in sugar production in the Ord dominated the change in land and water use.  
Further detail on land and water use within these broad categories is provided later in this 
chapter.  
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Figure 2a. Estimated water use in South Western regions 1996/97 and 2000/01. 
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Figure 2b. Estimated water use in Northern region 1996/97 and 2000/01. 
Note:  Northern region covers Gascoyne and Kimberley, South Western is everything else.  Other is 
predominantly nursery and turf industries. 
2.1 Area planted to major vegetables 
The total area planted to vegetable crops in the 2000/01 census is reported in Table 3.  
These data refer to cropped area, as opposed to land area used for cropping, which would 
be lower in regions where double and triple cropping of vegetable land occurs.  The total 
share of the State vegetable area indicates the imports of the metropolitan area, Gingin, 
Peel-Harvey and the Preston-Warren-Blackwood regions in the south; and the Ord region in 
the north.  
The three most important vegetable crops grown in each region are shown in Table 4.  Also 
shown is the share of total area taken up by these three most important crops in the region, 
which gives an idea of the degree of specialisation of a particular area.  The lowest of these 
are Gascoyne, Metro North and Metro South.  These areas are important suppliers of a 
range of vegetables for the domestic market. 
The count of products in each region is also an indicator of diversity in vegetable production.  
The South Western regions grow a wide diversity of products, although the three major 
vegetables (potato, carrots and cauliflowers) dominate plantings. 
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Table 3. Area of vegetables crops, hectares by region, 2000/01 
Region Area planted Share of State vegetable area 
Gingin 1,340 12% 
Metro East 40 0% 
Metro North 1,292 11% 
Metro South 940 8% 
Mid-West 114 1% 
Peel-Harvey 895 8% 
PWB 2,009 18% 
Great Southern 589 5% 
Whicher 764 7% 
East Kimberley  2,449 21% 
West Kimberley  391 3% 
Gascoyne 622 5% 
Total 11,445 100% 
Source:  AgStats Area Planted. 
Table 4. Important vegetable crops, by region, 2001 
Region Top three vegetables − Percentage of area planted 
Rank 1  2  3  Cumulative 
Count of 
products 
East Kimberley Melons 69% Pumpkins 20% Beans 8% 97% 9 
West Kimberley Melons 87% Pumpkins 13% nil - 100% 3 
Gascoyne Tomatoes 23% Melons 19% Capsicums 16% 58% 13 
Gingin Carrots 67% Cauliflowers 10% Lettuce 8% 85% 20 
Metro East Melons 76% Tomatoes 11% Peas 6% 93% 5 
Metro North Lettuce 25% Broccoli 23% Tomatoes 13% 60% 22 
Metro South Carrots 41% Potatoes 13% Celery 9% 63% 16 
Mid-West Melons 76% Swt. Corn 13% Marrows 5% 95% 6 
Peel-Harvey Carrots 35% Potatoes 33% Onions 14% 82% 17 
PWB Cauliflowers 42% Potatoes 36% Pumpkins   5% 82% 22 
Great Southern Peas 66% Potatoes 11% Cauliflowers 10% 87% 23 
Whicher Potatoes 63% Carrots 16% Pumpkins   9% 87% 17 
State Level Potatoes 16% Carrots 16% Cauliflowers 11% 42% 28 
Source:  Data from AgStats. 
The relative importance of the major vegetables is shown in 
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Table 5, where data are sorted according to the value of production.  The value of exports is 
also shown.  Of the major commodities, carrots and cauliflowers have a high export 
dependency.  The groups shown in the table include all categories exceeding a value of $2m 
in 2000/01; the ‘Other’ category includes a substantial range of smaller crops.  At the 
aggregate level, almost half the produce grown in WA was exported to international markets 
in 2000/01 according to the gross value data.  
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Table 5. Value of production and exports, major vegetables, 2000/01 
 Value of exports Value of production Exported share of total value of production % 
Total vegetables $89,563,193 $194,335,547 46 
Carrots $34,578,576 $43,028,262 80 
Melons $4,630,763 $34,927,981 13 
Potatoes $5,462,553 $31,184,728 18 
Cauliflowers $27,267,872 $22,026,973 124 
Lettuce $1,937,010 $10,974,086 18 
Tomatoes $503,518 $10,872,371 5 
Onions $1,828,673 $9,983,602 18 
Pumpkin $876,054 $7,935,768 11 
Vegetable seeds $5,200 $5,504,665 0 
Broccoli $540,743 $4,621,006 12 
Cabbages $617,305 $3,978,137 16 
Sweet corn $91,290 $2,709,813 3 
Celery $2,053,679 $2,644,596 78 
Cucumbers $2,607,474 $2,348,986 111 
Capsicum $52,935 $2,119,271 2 
Vegetables, other $5,186,203 $34,019,142 15 
Notes:  Categories ranked in order of value of production.  Where export exceeds VOP, this might be attributed to 
variation in timing, i.e. AgStats data based on crop year to end March 2001, Trade data based on financial year. 
Source:  AgWeb summary data for WA, originally from ABS. 
2.2 Area planted to fruit 
The total area developed for fruit production in each region is shown in Table 6, and share of 
the State total.  As ABS data on area planted to fruit distinguish between orchard and berry 
and tropical categories, these values are also reported.  Orchard fruit plantings dominate the 
total area developed for fruit production. 
Table 6. Fruit growing area, 2000/01 
 Developed area (ha) 
Berry and 
tropical fruits 
(ha) 
Orchard fruit 
(ha) 
Share State 
area 
Gingin 1,431 1 1,429 15% 
Metro North 301 89 212 3% 
Metro East 1,565 0 1,549 16% 
Metro South 330 8 322 3% 
Mid-West 85 0 83 1% 
Peel-Harvey 470 2 468 5% 
Whicher 341 5 336 4% 
PWB 3,006 27 2,979 31% 
Great Southern 1,177 31 1,145 12% 
East Kimberley  506 139 367 5% 
West Kimberley  54 8 46 1% 
Gascoyne 465 185 281 5% 
Total Western Australia 9,729 493 9,218 100% 
Source:  ABS catalogue 7117.0.30.001, AgStats on GSP. 
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Details of orchard plantings are given in the AgStats data according to tree numbers.  These 
data were used to assess the relative importance of different orchard crops in each region, 
as shown in Table 7.  At State level, 84% of total tree plantings are pome, stone and olive 
trees, but distribution varies widely at regional level.  Mango and citrus dominate orchard 
plantings in the north; olives in Gingin, the Mid-West and the Great Southern; pome and 
stone fruit are most important in the Metropolitan East and South, Preston-Warren-
Blackwood and Whicher. 
Table 7. Important orchard crops, ranked according to tree numbers, 2000/01 
Most important orchard trees – percentage of total tree numbers 
 
1  2  3  Cumulative 
Gingin Olives 78% Citrus 15%   93% 
Metro North Citrus 42% Avocado 33% Olives 12% 87% 
Metro East Stone 56% Pome 28%   84% 
Metro South Pome 41% Stone 36% Citrus 18% 95% 
Mid-West Olives 97%     97% 
Peel-Harvey Stone 41% Citrus 28% Pome 27.8% 96% 
Whicher Pome 36% Stone 27% Olives 24% 87% 
PWB Pome 58% Stone 35%   93% 
Great Southern Olives 81% Stone 8%   89% 
East Kimberley Mangoes 88% Citrus 11%   99% 
West Kimberley Mangoes 73% Citrus 27%   100% 
Gascoyne Mangoes 61% Citrus 26%   88% 
State  Pome 35% Stone 31% Olives 19% 84% 
Further detail on the relative importance of fruit crops2 is provided in Table 8 which shows all 
individual categories having a gross value of production exceeding $2m in 2000/01.  Export 
dependency as a whole was slightly lower than for vegetables (46%) in 2000/01, although 
varies between crops, with plums, strawberries and oranges having the highest percentage 
exported in that year.  Apples are the most important export in total value. 
                                                
2 These figures exclude melons which are counted as vegetables in ABS cropped area, and table 
grapes which are assessed separately. 
DEMAND FOR IRRIGATION WATER IN WESTERN AUSTRALIA 
 13
Table 8. Relative importance of fruit crops, 2000/01 
Product Value of production 
Value of 
exports 
Exported share of 
total value of 
production % 
All Fruit* $119,197,147 $44,264,117 37% 
Apples $36,959,336 $14,470,354 39% 
Plums $14,503,970 $12,703,998 88% 
Strawberries $12,362,506 $6,849,042 55% 
Nectarines $9,093,247 $679,302 7% 
Bananas $6,982,520 $0 0% 
Pears $6,980,555 $2,397,108 34% 
Mangoes $6,481,787 $841,533 13% 
Avocados $6,128,593 $344,462 6% 
Peaches $4,913,058 $1,577,405 32% 
Oranges $3,101,257 $1,579,146 51% 
Mandarins $2,389,848 $529,993 22% 
All Other $9,300,470 $2,291,774 25% 
* Excluding grapes and melons. 
2.3 Areas planted to grapes 
Total vineyard area in each region, and the share of State vineyard area, are shown in 
Table 9.  South of the metropolitan area, these plantings are largely for wine production, 
while the metropolitan areas produce both table and wine grapes.  The northern areas 
produce table grapes.  The total value of production of grapes in 2000/01 was $185.9m. 
Table 9. Grape area 2000/01 
 Vineyard area Share of State vineyard area 
Gingin 272 3% 
Metro North 973 10% 
Metro East 393 4% 
Metro South 33 0% 
Mid-West 18 0% 
Peel-Harvey 275 3% 
Whicher 4,222 42% 
PWB 1,713 17% 
Great Southern 2,098 21% 
East Kimberley 9 0% 
West Kimberley 66 1% 
Gascoyne 74 1% 
Total State 10,146 3% 
Source:  Calculated from AgStats area planted data 2000/01. 
2.4 Pastures 
It is estimated that pastures use 28% of irrigation water in the South Western regions.  The 
most significant region is the Peel-Harvey, which incorporates the South West Irrigation 
scheme. In that region, dairying is the dominant use, while 31% is used for beef (Hatherly et 
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al. 2002).  Since there is no distinction between irrigated pasture activities by livestock 
enterprise type provided in the AgStats data, simple assumptions about the location of 
dairying activity were used to split the irrigated pasture statistics into beef and dairy.  These 
are reported in Table 10.  The wide variation in potential returns to pasture imply that further 
investigation of pasture activities should be undertaken to explore the social cost of non-
market based methods of allocating water to pasture. 
Table 10. Areas of irrigated pastures in 2000/01, hectares 
Zone Irrigated pastures Dairy Beef 
Gingin 79  79 
Metro North 117  117 
Metro East 90  90 
Metro South 264 264  
Mid-West 156  156 
Peel-Harvey 8821 5,906 2,915 
Whicher 495 495  
PWB 580 580  
Great Southern 65 65  
East Kimberley 662  662 
West Kimberley 687  687 
Gascoyne 12  12 
Total 12,030   
Source:  Total irrigated pasture from AgStats. Ratio of dairy pasture as described in text. 
2.5 Other crops 
The remainder of irrigation activity, as classified by the ABS includes cereal production, 
sugar and cotton, and “all other” activities. 
Irrigated cereal production is the least important activity, in terms of area.  In the South West, 
the most significant region for irrigated cereals is the Mid-West, where the ABS statistics 
indicate that 250 hectares of cereals were irrigated in the shire of Coorow.  Cereals were an 
important irrigated crop in the Ord in 1997 but have declined in importance.  Main cereals 
irrigated now are for seed production −  maize, millet and sorghum.  
It is estimated that around 3,500 ha of sugar were irrigated in the East Kimberley in 2000/01, 
which represents 35% of the total area irrigated in that region.  Because of the high water 
use requirement of sugar, it is estimated that the total share of water used for sugar 
production in the Ord was 53%, and at the State level this constitutes 13% of total State use 
in irrigation activities. 
Whilst there was an area of around 200 ha grown to cotton in the Ord in 2000/01, advice 
from the Kununurra office of the Department of Agriculture and Food is that cotton is still in 
the experimental phase there.  This statistic is incorporated into the “other” category included 
in Table 11.  
Analysis of area cropped data indicates that in the South Western regions, most of the 
activities included in the “other” category reported by the ABS are accounted for by the 
nurseries, cut flower and turf industry.  In the case of the East Kimberley the value shown 
appears to be consistent with the area planted to sandalwood in 2001, although the 
Kununurra office suggested it could be tree nurseries that were not picked up in the ABS 
survey. 
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Table 11. Other irrigation activities, ha, 2000/01 
Region Cereals Sugar Other 
Gingin 4  648 
Metro North   302 
Metro East   319 
Metro South   163 
Mid-West 240  159 
Peel-Harvey 21  180 
PWB 60  181 
Whicher   287 
Great Southern 1  178 
East Kimberley  1,416 3,525 1,139 
West Kimberley    3 
Gascoyne   53 
Total 1,741 3,525 3,612 
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3. Value of water in current irrigation activities 
An important feature of the Western Australian irrigation water market is its relative 
immaturity compared to the rest of Australia.  For example, in the Murray-Darling Basin 
where most irrigation occurs, a Cap was placed on allowable irrigation diversions in 1996, 
and since that time there has been an increased use of market trading, whereby water is 
transferred from low to higher valued uses.  Whilst there are considerable restrictions on 
trade between irrigation zones, there is sufficient diversity in irrigation uses within regions to 
drive an active water market.  In an analysis of water trading data in northern Victoria over 
the period 2000/01 to 2003/04, Brennan (2004) estimated that whilst seasonal water prices 
varied according to climatic conditions, average water prices were around $60 ML.  This 
value is the price for use of the water (not an asset price) and is net of the delivery charges 
paid by irrigators.  Whilst there were fewer trades on the permanent market over the same 
period, prices in this underlying asset market were more stable, and averaged $1090 ML.  
Based on this asset value and the mean value of water on the temporary market, the implied 
rate of return on capital was around 5.5% per annum. 
In WA, there is little market activity from which the value of water can be derived.  Whilst the 
absence of market trading itself does tend to imply that water is not scarce at the margin, 
lack of trading may also be attributed to poorly defined rights, and restrictions on transfers.  
Anecdotal evidence from within the South West Irrigation Area (SWIA) however, where 
trading of water on a seasonal basis is actively encouraged by the Harvey Water 
Cooperative (to increase total use and hence avoid the “use it or lose it” clause), prices of 
water appear to be less than the fixed delivery charge (Geoff Calder, personal 
communication).  Thus, there is no premium paid for water above the delivery charge, as 
there is on seasonal water markets in the Eastern States.  This would indicate that water has 
little scarcity value within the SWIA scheme.  Because individual irrigators are not allowed to 
trade outside the scheme, there is no active market that can indicate the value of irrigation 
water in other parts of the Peel-Harvey region or elsewhere. 
3.1 Methodology for calculating water asset values 
In this report, the value of water used in irrigation activities is estimated by examining the 
profitability of those activities.  Water is a natural resource that earns a return to the asset 
owner and can be evaluated in the same way that land values are evaluated.  As with 
agricultural land markets, where the price of land reflects the expected stream of profits 
arising from agricultural land use; the expected stream of residual profits from water use will 
define an upper limit on a farmers willingness to pay for an irrigation water right. It is possible 
to estimate the expected annual return to water by taking the gross margin of an irrigation 
activity, and distributing these returns to land, capital and water used in the irrigation activity.  
The calculation method is shown in Box 1, where a rate of return to all capital of 5.5 per cent 
per annum was used.  The derived value of water is indicative of the maximum amount that 
would be paid for water on a permanent water market, and can be termed the “long term” 
asset value of water.  The reason that it is called a maximum value, is that the residual rents 
attributed in this way actually include return to risk and entrepreneurship as well as to water, 
so the actual willingness to pay to acquire the water asset will probably be lower than this.  A 
benchmark for the asset value of water can also be obtained from permanent water markets 
in the Eastern States, where values of around $1000 to $1500/ML are generally observed.  
In the short run, where irrigation specific investments are sunk, and the entire return on land 
and irrigation specific capital would be lost if the water were taken away, the appropriate 
measure of the value of water is the gross margin per megalitre.  Whilst most of the 
discussion in this report focuses on the long term value of the asset, the short run price is 
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also reported to indicate the difference between the short run and the long run, and has 
implications for the costs of adjustment over the medium term.  
The gross margins used in this study are largely based on data from Department of 
Agriculture and Food farm budget guides.  In general, these studies use parameter 
assumptions based on “best management” practices and therefore may overestimate the 
actual returns to water that are currently achieved on some farms.  Moreover, as farmers do 
not pay for the resource3, there will be a tendency to use more (by substituting water for 
other more costly inputs such as labour intensive irrigation management, and new irrigation 
capital), and the value per megalitre used will be lower.  However, if water policy were aimed 
at providing appropriate price signals for water scarcity, then the irrigation practices on the 
farm are more likely to reflect the parameter assumptions used here.  
Box 1:  Calculation of the asset value of water used in this study 
Revenue /ha: Produce Price * Yield  
Operating Cost /ha: Cash operating costs plus family labour allowance 
Gross margin: Revenue – Operating cost 
Distribution of gross margin /ha: 
Return to land /ha Land value * annual return % 
Return to capital /ha Annualised charge (depends on life, annual return %) 
Return to water /ha: Gross margin – return to land and capital 
Return to water /ML: Return to water hectare/water application rate /ha 
(annual value of water) 
Asset value of water1: Return to water /ML/annual return % 
(permanent water right value) 
Annual return rate used: 5.5% based on estimated return to water rights in Victoria 
1 Attributes all residual earnings (after land and capital) to water, thus represents an upper limit on willingness to 
pay for water. 
3.2 The value of water in vegetable production 
The value of water in vegetable production depends on the type of produce grown and its 
price, which is inherently risky; yield, water application rates and operating costs, which will 
vary according to location and individual practices; costs of irrigation infrastructure which will 
exhibit size economies, and land prices.  The values estimated here should be viewed as a 
guide only, as substantial variation will exist in the returns to water achieved by individual 
farmers.  
3.2.1 South West Regions 
Three of the major vegetables grown in the South West were assessed in order to estimate 
the potential returns to water use.  Information on operating costs and yields were based on 
a detailed vegetable budgeting handbook developed by Gartrell (2003) for the Swan Coastal  
Plain, which included details on labour and capital costs.  To provide a current assessment, 
costs of production were inflated to 2002/03 using ABARE’s index of prices paid by farmers.  
An analysis of variability in real produce prices on the Perth market (for carrots and 
cauliflowers) was conducted to provide an estimate of expected prices over the medium 
term.  Results are reported in Table 12.  
                                                
3 A distinction is made here between the cost of delivery or pumping, and the scarcity value of water.  
This latter value is the “resource rent” in the short term, or the “asset value” in the long term, and is 
measured net of water delivery charges. 
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These results indicated relatively higher returns to potatoes compared to other crops, and 
this may be influenced the specific market environment of potatoes.  Since there are market 
limits on the amount of particular products that can be sold, an weighted average value of 
these three major activities was used to estimate an asset value to water in vegetable 
production.  Clearly, individual irrigation farms may attribute different values to water, as the 
result of the type of commodity grown, water application rates, economies or diseconomies 
of scale.  The estimated average rate of $7,610/ML reflects the order of magnitude of the 
value of water in vegetable production, which is well above the price paid for permanent 
water rights on markets in the NSW and Victorian Murray regions.  
Table 12. The value of water in vegetable production, South West 
 Potatoes Carrots Cauliflower 
Expected gross margin per hectare $6,211.55 $4,749.69 $2,468.74 
Assumed water application rate 6 8 7.2 
Mean GM $/ML $988.59 $593.71 $342.88 
Capital allowance $/ML $221.89 $231.42 $180.84 
Land value $/ML $22.92 $17.19 $19.10 
Water resource rent $/ML $743.78 $345.10 $142.94 
Asset value of water $/ML $13,523.34 $6,274.60 $2,598.94 
Estimated asset value for vegetable production (weighted average) $7,610/ML. 
Note:  Weights for average value based on shares of total water used for the 3 main crops. 
The impact of return on calculated asset value of water is illustrated in Table 13, where the 
stated rate of return is applied to all capital items (including land and machinery).  If irrigation 
industry requires a higher return for its capital investments (including plant, machinery, land 
and water) then the amount that it would be willing to pay for water rights would be 
considerably lower.  However, the value is still well above the price paid for permanent water 
rights on the Victorian market. 
Table 13. Impact of rate of return on the calculated asset value of water 
Rate of return Asset value 
5% $10,900 
7.5% $  6,546 
10% $  4,729 
3.2.2 Northern regions 
Information from a study conducted by the Carnarvon office of the Department of Agriculture 
and Food (Will Dalton, pers. comm)4 indicates that the annual return to water for a mixed 
vegetable enterprise is around $114/ML.  This equates to an asset value of about $2000/ML. 
Gross margin data based on farm management budgets obtained from the Ord River office, 
indicate a range of $62 to 186/ML for that region.  Whilst information on capital and land 
costs was not available, it is clear that the return on vegetable production in the Ord is likely 
to be less than in the Gascoyne and the South West.  
Further analysis of the profitability of vegetable growing is required to improve the robustness 
of these estimates for the Northern regions. 
                                                
4 Based on assessment of the Brickhouse development.  Full capital costs of a large scale new 
enterprise were included. 
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3.3 Economic value of water in fruit production 
Since orchard fruit dominates fruit production in WA, assessment of the returns from the 
major orchard fruits was undertaken for the purposes of assessing the value of water in fruit 
production.  Perennial horticultural industries are characterised by long planning horizons 
and relatively high investment costs.  In order to assess the prospects for further 
development of horticultural area, assessment of return on capital under a relevant range of 
commodity price risk needs to be undertaken.  Commodity cycles are clearly important in the 
viability of fruit area expansion.  For example, in a recent study of the stone and pome fruit 
industries in Western Australia, Ghose and Portman (2004) found considerable variation in 
the financial performance of farms over the period 2000/01 to 2002/03, and when the full cost 
of labour was accounted for, most orchards surveyed were not earning a sufficient return to 
family labour.  However, it is difficult to extrapolate this small study to the long term viability 
of these or other industries because of the lack of information on longer term indicators such 
as the cost of capital items, and market and production risk.  
In order to assess the value of water used in perennial fruit growing, an investment analysis 
was conducted, based on detailed fruit development budgets (Gartrell 2003), for apples, 
plums and oranges.  The method used was based on that described for vegetables, where 
the gross margins and capital development costs were used to estimate the resource rent to 
water, taking account of current costs and long run expected prices.  However to account for 
variation in planting and revenue streams, annualised gross margins were used in which the 
net present value of receipts and variable costs were amortised to provide an annual value.  
In order to standardise assumptions about the cost of irrigation development5, a separate 
analysis was conducted of the costs of developing a new farm for perennial horticulture and 
vineyards, which is reported in the Appendix.  
3.3.1 Orchard fruit in the Southern Regions 
Results of the analysis are shown in Table 14.  All three enterprises return a high gross 
margin to water, and a high asset value.  The weighted average of asset values for these 
three activities is about $5,500/ML. 
Table 14. Value of water used in perennial fruit, South West 
 Apples Plums Oranges 
Evaluation period 15 12 25 
Paddock yield t/ha  45 50 45 
Water requirement ML/ha 9.6 14 13.9 
Annualised gross margin (mean) $12,659 $12,342 $6,679 
Development cost, Irrigation $1,953 $1,953 $1,805 
Development costs, plants and capital $5,695 $7,442 $2,608 
Net return to water $/ha $4,929 $2,952 $2,270 
Water resource rent $/ML $512 $211 $163 
Asset value of water $9,309 $3,834 $3,266 
Expected asset value of water for fruit production (weighted) $5,491/ML. 
The impact on the rate of return to capital on the long term asset value is shown in Table 15.  
The rate of return has a greater impact because of the high level of capital investment, and 
                                                
5 In the DAWA development budgets, some enterprises were assessed as marginal expansion on 
existing farms, other enterprises were assessed as entirely new developments, with different 
implications for capital cost. 
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the time lag in earning a return on perennial plantings, which impacts upon annualised 
revenues as well as costs.  At a rate of 10% it becomes negative – which means that returns 
earned in the enterprise are not high enough to give a rate of return of 10% on all capital 
(water, land and equipment) invested.  
Table 15. Impact of rate of return on calculated water asset value 
Rate of return 5% 
5% $6,927 
7.5% $1,863 
10% -$896 
3.3.2 Olive production in the southern regions 
One of the most important drivers for change in irrigated orchard area between the 1996/97 
and 2000/01 years has been an increase in olive plantings.  There is little economic data 
available on the returns to olive growing in Western Australia, nor on the likely impact of the 
olive boom on markets and prices.  Recent projections in olive oil production Australia 
indicate that total domestic demand could be met locally by 2006-08 (D’Emden 2001), 
provided producers can compete with imports.  Some market commentators are positive 
about Australian producers’ international competitiveness for the bulk olive market.  Sweeney 
and Davies (1998) estimate that gross margins for producing olives for oil are in the order of 
$1,500 to $4,500/ha.  After subtracting the annualised cost of establishing trees, the return 
per hectare is $1,122 to $3,838.  Based on an additional allowance of $1,000/ha for plant, 
machinery and land, and an assumed water use rate of 7 ML/ha, the annual return to water 
could range between $17/ML and $405/ML.  The implied asset values for water could range 
from $300 to $7000/ML, based on a rate of return of 5.5%.  
3.3.3 Fruit production in Northern regions 
There were insufficient data to analyse the economics of fruit production in the Carnarvon 
and Ord regions in detail.  However, it is likely that the high resource rent earned to water in 
the South West could be extrapolated to those regions, although higher costs of production 
may reduce the relative profitability compared to the south.  
3.4 Returns to water in grape production 
The profitability of grape production was analysed using the same methodology as for fruit 
described above, and results are reported in Table 16.  These results show the returns to 
grape production only, and do not account for the high value added associated with wine 
production that benefit the regional economies where water access enables wine industry 
development.  
Table 16. Returns to water used in grape production 
 Table grapes Wine grapes 
Evaluation period (years) 15 20 
Paddock yield t/ha  40 12 
Water requirement ML/ha 6 2 
Annualised gross margin (mean) $14,275 $4,752 
Development cost, irrigation $701 $425 
Development costs, plants and capital $1,347 $813 
Return to water $/ha $1,533 $340 
Water resource rent $/ML $255 $170 
Asset value of water at 5.5% $4,645 $3,095 
DEMAND FOR IRRIGATION WATER IN WESTERN AUSTRALIA 
 21
There is considerable variation in the prices received for table grapes by variety and time of 
season, so the returns for water for particular cases may vary significantly from these 
average figures.  Similarly, the return on water for wine grapes will depend on the vertical 
structure of the vineyard and any price premiums that may be associated with grapes in 
particular regions.  As for perennial horticulture, the calculated asset value of water is very 
sensitive to the assumed rate of return on capital. 
Table 17. Impact of rate of return on asset value in grape production 
Rate of return (%) Table Wine 
5 $7,092 $5,657 
7.5 -$1,933 -$3,793 
10 -$6,520 -$8,584 
3.5 Economics of pasture production 
Irrigated pasture production is currently a large user of water in the South West.  The 
Department of Agriculture and Food has developed a model of a dairy farm that considers 
pasture production, nutrition and stock management in detail, which can potentially be used 
to gain insight into the value of water in dairying and other pasture activities.  This type of 
modelling approach has been used extensively in the Murray-Darling Basin in analysis of 
water policy reform.  However, the WA dairy farm model is currently undergoing 
redevelopment and was not available for the present study.  Future work in developing this 
model, and in calibrating it to represent typical farms in different regions of the South West 
will result in a valuable tool for future analysis of issues associated with water policy affecting 
the irrigated pasture industries. 
3.5.1 Pasture for dairy production 
To provide a preliminary estimate of water values in the dairy industry, a simple method of 
analysis was used in which the benefits of irrigating pasture were compared with the cost of 
hand feeding over the summer period.  This method was adopted for both dairy and beef 
farming systems.  The method is illustrated in Table 18 for a flood-irrigated dairy farm in a 
normal year, where the costs of feeding a herd of 100 dairy cattle over the summer on a 
dryland and irrigated farm are compared.  Parameters assumptions used in this analysis 
were based on advice from Department of Agriculture and Food personnel.  Because of the 
wide variation in pasture productivity, herd size, irrigation management techniques, the 
actual value of water used in pasture production may vary significantly from these estimates 
on particular farms.  
The returns from having access to irrigation water are calculated as the difference in the cost 
of feeding over the summer, based on typical feeding practices on irrigated and dryland 
farms.  The net cost saving associated with irrigation is then divided by the quantity of water 
used, to provide gross margin per megalitre.  The impact of a drought was also estimated, by 
assuming that an irrigated farm simply irrigates for an extra month, whereas dryland farms 
run out of silage in the last month and use lower quality purchased hay, which reduces milk 
production by 12%.  It is further assumed that fodder prices double in a drought.  
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Table 18. Example of dairy feed cost saving from flood irrigated pasture in a normal year 
Food source Yield (t/ha) 
Water use 
(ML) 
Total cost 
($/ha) 
Cost/tonne 
dry matter 
Flood irrigation 6.5 11 653.75 $100.6 
Grain    $220.0 
Silage    $180.0 
 
Herd Cows Dry Yearlings Calves Total 
Number (head) 100 16 34 39  
Hand feeding with silage:  Feeding requirements kg/day  
Grain fed 8 2 0 0  
Silage 10 6 6 6  
Daily feed cost $356 $24.32 $36.72 $42.12 $459.16 
Cost for season     $68,874 
Grazing irrigated pasture:  Feeding requirements kg/day  
Grain fed kg/day 6 2 0 0  
Pasture  12 5.5 5.5 5.5  
Daily feed cost 253 16 19 22 309 
Cost for season     $46,345 
Cost saving, irrigated pasture feeding     $22,529 
A range of assumptions was used to illustrate the impact of pasture productivity and irrigation 
technology of the value of water in dairy production, and results are shown in Table 19.  The 
expected return to water is based on the assumption of a 1 in 5 year drought, and is net of 
irrigation costs including delivery charges, pumping costs and an irrigation capital allowance.  
Calculated asset values are based on a return on capital of 5.5%.  Whilst typical pasture 
productivity is believed to be currently in the range of 5.5 to 6.5 tonnes per hectare for flood 
irrigation, yields as high as 10 t/ha have been observed on some farms.  The calculated 
asset values for ‘typical’ farms are $300-600/ML, whereas for highly productive farms the 
value is above $1500/ML.  Whilst more detailed analysis of pasture productivity and feeding 
regimes should be done to verify these results, the general result that the opportunity cost of 
water will vary significantly between farms according to individual characteristics, is likely to 
be robust.  The impact of very low yields in regions where water is salt-affected is that there 
is a negative return to water (which means that the irrigation activity cannot earn a return of 
5.5% on all invested capital). 
Results for sprinkler irrigated pastures, which have significantly higher yield per megalitre 
indicate that water used in dairy pasture production can achieve a high return, particularly in 
the South Coast region. 
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Table 19. Gross margins for dairy pasture 
Cost saving 
 Yield 
Water 
use 
(ML) 
Area 
irrigated 
for 100 
cows 
Normal Drought 
Expected 
return 
($/ML) 
Asset 
value 
($/ML) 
Flood irrigation        
Average productivity 6.5 11 39 $22,529 $39,260 $35 $629 
Below-average productivity 5.5 11 46 $17,895 $32,997 $16 $297 
High productivity 10 12 25 $30,405 $50,062 $87 $1,586 
Severely salt-affected 3.25 11 78 -$2,959 $4,814 -$25 -$449 
Sprinkler irrigation        
Boyanup 15 9 17 $23,284 $40,376 $102 $1,860 
Scott River 15 5 17 $29,366 $47,675 $259 $4,701 
3.5.2 Value of irrigated pasture for beef production  
In order to estimate that value of water used in beef production, gross margin figures for 
dryland production were used to obtain the return to feed, and these were then compared 
with the cost of providing feed using irrigated pasture, as shown in Table 20.  Results 
indicated that gross margin is $10/ML or less, and these figures do not account for labour 
costs or capital equipment.  When these additional costs are considered it is likely that the 
asset value of water in beef production is close to zero. 
In the Kimberley, irrigated pastures have been developed for finishing cattle reared on 
rangelands.  There is no information available on the value of water used in this activity, but 
advice from the Kununurra office is that it is probably lower than returns for crops. 
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Table 20. Returns to irrigated beef production 
1.  Costs of feed production 
Pasture productivity and technology assumption 
 
Flood Flood poor Sprinkler 
Tonnes 6.5 5.5 15 
Water 11 11 12 
Tonnes dry matter/ML 0.59 0.50 1.25 
Pasture cost 200 200 654 
Water cost 453.75 453.75 220 
MJ/ tonne dry matter 10.25 10.25 10.25 
DSE/MJ 2,299.5 2,299.5 2,299.5 
DSE/ha 29.0 24.5 66.9 
Cost $/DSE 22.56 26.67 13.07 
2.  Gross margins for beef production 
Item Unit Self-replacing vealer herd 
Self-replacing 
yearling herd 
Area Ha 416 549 
Cows Head 200 200 
Gross margin $ 24,197 33,923 
Energy requirement DSE 2,704 3,568 
Pasture costs $ 22,464 29,645 
Supp feed costs $ 15,600 20,585 
Gross margin $/DSE 8.95 9.51 
Fodder cost $/DSE 14.08 14.08 
Gross margin before fodder cost $/DSE 23.03 23.59 
3.  Gross margins for feeding beef on irrigated pastures $/ML 
Gross margin, flood irrigated, average  0.46 1.02 
Gross margin, flood irrigated, poor  -3.64 -3.08 
Gross margin, sprinkler irrigated  9.95 10.51 
Source:  DAWA Gross Margins Guide, 2003 for beef returns, pasture productivity based on dairy assumptions. 
3.6 Demand curve for water in the South West 
For the purposes of policy discussion it is useful to construct an aggregate demand curve for 
the South West.  The demand curve maps the quantity of water that is currently used against 
its asset value, and gives an indication of the variation in the opportunity cost of water used 
in agriculture.  As long as it is recognised that this stylised representation does not account 
for spatial differences in values nor in the costs of sourcing water, the demand curve can be 
used for illustration and discussion.  The additional complexities associated with aggregation 
across space should be recognised and dealt with in subsequent analysis and policy 
discussion. 
3.6.1 Method used to construct the demand curve 
A table of asset values and quantities currently used was constructed assuming that quantity 
and asset values for vegetables, fruit, olives and grapes are based on the aggregate figures 
shown in Tables 3, 6, 9, 12, 14 and 15.  Asset values for nursery (other irrigation in Table 11) 
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were assumed to be the same as vegetables.  Values for irrigated pasture were derived by 
assuming that sprinkler irrigation was used in all areas except Peel Harvey, and in that 
region, it was assumed that the total quantity of water used in irrigation was divided equally 
between the four values indicated for different pasture assumptions shown in Table 19.  Beef 
and cereal production was assumed to have an asset value of zero.  This table of asset 
values and quantities was then sorted from highest value to lowest, and the cumulative 
quantity is plotted against the asset value in Figure 3.  
About 200 GL of water is used in very high value activities (greater than $5,000/ML), and 
water use beyond this has a declining marginal value.  Also shown in this graph is the current 
price for water traded on the Northern Victorian permanent water market.  About 280 GL of 
water used in the south western regions has a value of at least this amount, whereas 90 GL 
has a lower value.  Around 50 GL of water has a very low asset value, of less than $180/ML. 
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Figure 3. Current aggregate demand for water in the South Western regions  
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4. Future demand for irrigation 
The value of water as a productive asset in irrigated agriculture is driven by the profitability of 
the irrigation activity.  Factors that affect profitability will be the drivers for future growth in this 
sector.  These factors include growth in markets and emergence of new market 
opportunities, productivity change that affects profitability and resource requirements.  In this 
section, the potential influence of these factors on prospects for demand growth is discussed, 
and projections about future growth in the water demand curve are presented. 
4.1 Market opportunities 
A characteristic of Western Australian irrigation activity is the large share of horticultural 
production.  The prospects for growth in demand will depend on whether the produce is sold 
on domestic or export markets. 
4.1.1 Domestic demand for fruit and vegetables 
The potential for growth in demand for water to produce horticultural crops for the domestic 
market is likely to be limited.  Markets for food crops are characterised by very inelastic 
demand, which is why prices vary so significantly over the seasonal harvest cycle.  A large 
increase in volumes sold on the domestic market will simply push prices down, reducing the 
profitability of production and hence demand growth for water, except where there is an 
underlying shift in demand for the produce.  The impact of an expansion in production 
without an underlying demand shift on produce prices and gross margins is illustrated in 
Box 2. 
Potential growth in domestic demand for fruit and vegetables will come from growth in per 
capita consumption and population growth.  Trends in growth rates over the last four 
decades are shown in Table 21.  Per capita consumption has shown steady growth over this 
period, and could continue as consumers continue to become more health conscious.  These 
data can be used to forecast growth in domestic demand.  For example, if trends in per 
capita fruit and vegetable consumption were to continue for the next 10 years, then the total 
increase in demand for fruit would be about 9% over the period under the high population 
growth scenario.  
Table 21. Trends in per capita consumption of fruit and vegetables, and population growth 
Item Annual growth rate 
Vegetables 0.8% 
Fruit 1.3% 
Population WA – Low 0.7% 
Population WA – High 1.5% 
Source:  Consumption rates estimated from ABS data (catalogue 4306.0), population rates from 3222.0. 
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Box 2:  Impact of expansion in production on gross margins 
The potential impact of expanding domestic supplies (beyond the rate of growth of underlying 
demand for the product) is illustrated using the case of capsicums from Carnarvon.  Carnarvon 
growers supply 70% of the domestic market over the period July to December, and this means that 
any increase in production through, for example a water supply augmentation, will have an impact 
on price.  Price elasticity of demand provides an estimate of the impact of prices on demand, and its 
inverse is the amount that price would need to fall in order to sell an extra percentage volume of 
produce on a market.  
Two assumed price elasticities of demand are illustrated which reflect upper and lower bounds on 
the likely responsiveness of demand.  On the horizontal axis is the percentage increase in 
production at Carnarvon which is assumed to be sold on the domestic market.  Price falls as more 
produce is sold, based on a realistic range of demand elasticities.  Between 5 and 10% increase in 
production at Carnarvon has a significant enough impact on prices to reduce gross margins to zero. 
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4.1.2 Potential for export market growth in fruit and vegetables 
Potential for growth on the export market is more difficult to predict, as the food market is 
much more dynamic at the global level.  Western Australian producers have achieved very 
strong growth in exports in recent years, especially into Asian markets, and demand growth 
in these markets will continue to be strong because of rapid income growth and population 
growth.  However, the question of whether Western Australian growers will maintain or 
improve their share of this growing market will depend on competition from other suppliers.  
Horticultural production in particular is a labour intensive activity for which Asian growers 
have a comparative advantage; but opportunities for promoting growth in the high quality end 
of the market (particularly with regard to chemical contaminants); and for exploiting seasonal 
opportunities, may provide continued growth opportunities for Western Australian farmers. 
Exports markets are important for many of the key horticultural products, as was 
demonstrated in 
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Table 5 and 8.  Trends in export growth over the last eight years were analysed for these key 
commodities and results are reported in Table 22.  All the estimated growth rates shown in 
Table 2 are significant at the 1% level; categories that were not significant include 
cauliflower, oranges and peaches.  At the aggregated level, vegetable exports have achieved 
a growth rate of 5% per year, with even higher growth rates in some categories.  The growth 
of exports of all fruits (category as defined) has been 10%, although growth in individual 
categories has varied significantly from this trend. 
Table 22. Annual growth in real value of exports since 1996 
Group Annual growth rate 
All vegetables (inc. melons) 5.1% 
Carrots 5.3% 
Potatoes 14.9% 
Melons 18.5% 
All fruit 10% 
Apples 14% 
Pears -6% 
Plums 8% 
Nectarines 17% 
Strawberries 21% 
Mangoes 47% 
Notes:  A cumulative growth formula is used to estimate this growth rate: tt gXX )1(0 += , where t is the year 
from the start of the time period, 0 refers to the base year, and g is the annual growth rate. 
The strong export performance of Western Australian horticultural exports over the recent 
years may be partly attributed to a favourable exchange rate over the period of analysis.  
This is illustrated in Figure 4 which shows export growth in vegetables and exchange rate 
movements over the recent years.  
Market overview studies from the Department of Agriculture and Food have indicated that the 
strengthening Australian dollar has affected these exports in more recent periods 
(e.g. DAWA 2004). 
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Figure 4. Movement in Australian dollar and vegetable exports. 
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In the demand growth scenarios examined in this study, recent export growth (fruit 10%, 
vegetables 5%) is taken as a high bound on potential export growth.  A lower growth 
scenario uses half the recent trend, taking into account the effect of exchange rate 
movements on the export performance over the last decade. 
4.1.3 Market opportunities for grapes 
Growth in the value of production of grapes (which includes both table and wine grapes) 
exhibited an annual growth rate of 24% over the period 1994/95 to 2000/01.  Exports of table 
grapes showed no statistically significant trend over the same period, but exports of wine 
grew at 34% (real value) over the period 1996/07 to 2002/03. 
As for other fruit crops, prospects for expansion in table grape production in Western 
Australia for sale on the domestic market are likely to be limited.  There is an additional 
threat of losing domestic market share to imports from Chile and South Africa (DAWA 2004).  
Any expansion in table grape production will need to be for the export market, and growers 
will face competition from other southern hemisphere producers.  
Prospects for domestic demand growth for wine production are more promising according to 
ABARE, who predict that domestic consumption is expected to rise by about 10% (per 
person) by 2008/09.  The Western Australian wine industry could target increased Eastern 
States sales in response to this demand growth, but whether this will support continued 
growth in plantings is unclear − production of wine will continue to increase to meet this 
domestic demand growth as recent plantings mature.  
At the export level, the outlook is for world prices for premium red wine to fall, because world 
production is growing faster than demand.  Nevertheless, ABARE predicted that wine exports 
from Australia are expected to grow (ABARE 2004) over the medium term.  They predict that 
the growth in volume of exports from Australia for the period 2001/02 to 2008/09 will be 15% 
per year, and the value of exports to grow at 9% per year.  
4.1.4 Outlook for irrigated pasture industries 
The dairy industry has been under considerable economic pressure since the deregulation of 
marketing arrangements in 2000.  Over the past four years there has been significant 
adjustment, and the number of farmers has declined by 23% although production has not 
decreased (Figure 5).  There is likely to be increased pressure on smaller growers to 
restructure in order to reduce unit costs.  
Prospects for demand growth are likely to be limited in the domestic market, but there is 
potential for export growth.  For example, over the period from 1996/07 to 2002/03 the 
quantity of dairy products exported from WA has grown by 7% per year.  However, as in 
horticultural crops, the strong growth over this period may be partly attributable to the falling 
exchange rate.  The Western Australian dairy industry has several characteristics that 
enhance its export competitiveness: proximity to Asian markets and low farm production 
costs.  For example, ABARE surveys indicate that the financial performance of WA dairy 
farmers is good.  A disadvantage of Western Australian downstream production is its small 
size, because there are significant economies of scale in milk manufacturing stages.  
The economic analysis of returns to production in dairy indicated that there are better returns 
to water using sprinkler irrigation, and highly productive (atypical) flood irrigated pastures.  
There is potential for considerable adjustment in water use and the spatial arrangement of 
the industry in the future, given the dual pressures of deregulation and the need for 
economies of scale, along with increasing awareness of the opportunity cost of water outside 
the dairy sector.  Water policy reform could be used to facilitate adjustment in the industry, as 
it has done on the east coast. 
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Figure 5. Production trends in Western Australian dairy industry. 
4.2 Productivity factors affecting demand growth 
In general, potential productivity gains can be described as coming from two sources, true 
increases in productive potential, and increases in productivity that arise from better 
application of existing technology.  Water policy reforms that increase the perceived 
opportunity cost of water will improve the incentive for adoption of existing best practices.  No 
attempt has been made to estimate the potential impact of this type of productivity growth in 
this study, because of lack of data on actual water use.  The crop water use rates used here 
in estimating water use are based on Department of Agriculture and Food estimates which 
may reflect best practice rather than average industry performance. In the absence of water 
use monitoring or extensive field survey on current industry performance, it is impossible to 
tell how far the actual water use (and associated values of water) differ from the values in 
this report, but water policy improvements will bring the industry performance closer to best 
practice over time. 
Technical change will affect growth in the demand for irrigation water over time.  This is 
because the demand for water is a derived demand, based on the profitability of the irrigation 
activity.  There is a range of technical factors that could affect this profitability in the future, 
including growth in yields that increase the quantity produced per unit of water, improvement 
in irrigation technology that increase water use efficiency, other factors affecting profits such 
as supply chain improvements; and improvements in production technology that allow new 
products and markets to be developed.  Whilst there are no studies available that look 
specifically at irrigated agriculture, numerous estimates of total productivity growth for 
agriculture in general have been undertaken.  For example, Islam (2000) reviewed studies of 
broadacre agriculture and reported that total factor productivity grew at around 2% per 
annum, whilst he estimated that WA productivity change over the 1990s ranged from 1.38% 
to 4.25% per annum, depending on location.  In a study of productivity growth in 93 countries 
over the past 20 years, Coelli and Rao (2003) estimated that the productivity of Australian 
agriculture grew at 1.026% per annum.  The impact of technical change on the demand for 
water will depend on the nature of the technology change, but as water becomes scarcer it is 
more likely that research and development will emphasis water conserving technologies.  In 
this study an upper limit on water saving technical change of 1% is assumed, and compared 
with no productivity improvement.  
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4.3 Growth scenarios used in the study 
In order to estimate potential growth in demand for irrigation, cropping activities were split 
according to the ratio of domestic and exported production (2000/01); these areas were then 
multiplied by estimated growth in domestic and export markets respectively.  This analysis 
was done at the aggregate level, the underlying assumption being that any limits to growth in 
a particular region would simply shift the geographical pattern of production.  The impact on 
returns from changing the location is not accounted for, nor are adjustment costs associated 
with such change.  The growth assumptions used are summarised in Table 23. 
Table 23. Projected growth at end of 10 years (ratio of current demand) 
Demand growth Low High Source 
Domestic    
Vegetables 1.073 1.166 
Fruit 1.076 1.172 
Dairy 1.069 1.157 
Recent per capita consumption trends and high 
and low population growth assumptions 
Wine 1.209 1.458 ABARE (2004)1 
Export    
Vegetables 1.286 1.644 
Fruit 1.629 2.594 
Dairy 1.411 1.967 
High = analysis of recent trends, low half this2 
Wine 2.367 5.234 ABARE (2004) 
Productivity growth  
All activities 0-1% pa  
1. ABARE estimates are the “high scenario”, they are 5 year projections and may be high for 10 years. 
2. Recent trends in export growth are an optimistic forecast given exchange rate discussion in this report. 
 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
0 100 200 300 400 500 600
Quantity of Water ML
A
ss
et
 V
al
ue
 $
 p
er
 M
L Current
High Growth
Low Growth
 
Figure 6. Projected water demand growth in 10 years, two market growth scenarios, with productivity 
growth. 
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Figure 7. Projected water demand growth in 10 years, two market growth scenarios, without 
productivity growth. 
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5. Policy issues surrounding market values and demand growth 
Whilst it is possible to develop scenarios to examine potential future shifts in the demand 
curve for water, brought about by underlying market growth and productivity change, it is not 
possible to forecast the actual quantities that might be demanded in within the irrigated 
agriculture sector without considering the policy environment.  
5.1 Illustration of impact of water policy on future demand 
Water policy can have a large impact on the total quantity of water used in the irrigation 
sector, by limiting the total quantity available and impacting on the perceived value of water.  
If licences continue to be unmonitored and freely issued, then the perceived value6 of the 
water is zero.  On the other hand, if there was a cap on extractions, even if it were not 
currently binding due to the low level of development in WA relative to resources, it would 
eventually affect the quantity of water available and hence result in a non-zero market price 
for water in agriculture.  This is illustrated in Figure 8 where a high potential growth scenario 
is compared to current demand, and the impact of a 450 GL cap on extractions in the South 
West is shown.  After 10 years the water price would indicate a non-zero scarcity value in 
agriculture.  The impact of this scarcity value would be adjustment out of irrigated pasture 
production. 
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Figure 8. Impact of a 450 GL cap on extractions on water price in 10 years, South West, high demand 
growth-no productivty change scenario. 
Similarly, there are opportunities to use pricing mechanisms to impact upon demand growth 
scenarios in agriculture.  The amount of water right that would be demanded in the sector 
under two pricing scenarios is illustrated in Figure 9.  The intersection of the price line and 
the demand curve indicates the total quantity demanded. 
                                                
6 Above the normal delivery and pumping charges that apply, which have already been accounted 
for in these figures. 
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Figure 9. Potential impact of water price on growth. 
The potential impact of a number of pricing policies on the forecast future demand growth is 
illustrated in Table 24, based on the demand curve projections discussed in the previous 
chapter.  These figures are general indications that do not take into account important spatial 
considerations, so should only be interpreted as illustrative of the potential impact of policy.  
More detailed analysis of these spatial issues would be required in order to draw stronger 
policy conclusions. 
The rows in the table indicate different water pricing scenarios.  The first row represents the 
current policy environment where, essentially, farmers do not receive market signals 
regarding the scarcity value of water.  Under these conditions, the total quantity of water 
used (provided that licences continued to be issued) is found by the intersection of the 
demand curve with the horizontal axis.  The projected growth in demand in 10 years could 
range between 7 and 44% for different assumptions relating to produce market and 
productivity growth.  
The second row of the table represents the total quantity of water that would be demanded if 
the opportunity cost of water were perceived to be as high as it is currently on the Victorian 
market ($1090/ML).  Provided that opportunities to trade at this price (out of the sector) were 
available, and taking into account that such adjustment would take time due to short term 
value of sunk assets, current demand would be 25% lower than it currently is.  Even under 
optimistic growth scenarios (high export growth and no productivity impact on demand) then 
total volume of water demanded only increases by 14%, compared to 44% under the zero 
price policy. 
The impacts of two lower asset prices are also shown in the table.  At a relatively low price of 
$200/ML for a permanent water right, both current demand, and potential future demand 
growth would be dampened considerably. 
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Table 24. Impact of pricing policy and demand growth assumptions on total water demanded by 
irrigated agricutulre in the South West Regions, in 10 years 
 Change in total water demand in agriculture sector  relative to current % 
Market growth assumption Current Low High Low High 
Productivity assumption Current 1% pa 1% pa None None 
Pricing policy      
No resource charge* 0 7% 30% 18% 44% 
$1090/ML** -25% -18% 3% -9% 14% 
$500/ML -20% -13% 9% -4% 20% 
$200/ML -14% -7% 16% 3% 28% 
* The current scenario, where there are no effective limits to growth. 
** Mean price of permanent water right on Victorian Market. 
5.2 What type of pricing policies? 
Whilst there is no doubt that water prices and allocation policies can influence demand, the 
implementation of water pricing policies has important political, financial and distributional 
impacts on farmers.  In order to achieve more economic use of water in the agriculture 
sector, the key issue in pricing policy is to ensure that prices signals exist at the margin, and 
there are numerous ways of achieving this that have very different implications. 
The most typical means of encouraging pricing signals whilst minimising the impact on 
incumbents in the industry, is to vest current rights in users and allow them to trade.  If there 
is no new release of water onto the market, the result is that water asset values are revealed 
by trade at the margin, and those farmers giving up water are compensated by at least their 
opportunity cost.  In contrast, any attempt to introduce across the board pricing policies that 
are aimed at revenue raising (e.g. charging all users at the prices shown in Table 24) will 
cause extreme financial hardship and will not be politically or socially acceptable.  Moreover, 
given that farmers in some locations may have already paid for the value of water in land 
transactions, charging high prices to incumbent users could represent double dipping. 
It has been suggested that the marginal price of water could be revealed by the auctioning of 
new water rights to potential new users (whilst vesting incumbents’ rights to them).  Such a 
policy has some merit but as long as there is uncertainty regarding future availability of water 
for agriculture in a particular geographical location, then water markets will be affected.  For 
example, investors in an auction will bid on the basis of expected value of the water as an 
asset, which is dependent on the profitability of water and the potential availability of water in 
the future.  Where there is policy uncertainty regarding new water releases in an area then 
water markets will be undermined.  Similarly, the use it or lose it approach to issuing of 
licences will undermine investment because growers cannot acquire water in new locations 
as part of a longer term plan for relocating from the peri-urban areas. 
Market based mechanisms could also be used to influence the spatial allocation of water in 
Western Australia.  There are localised issues affecting the cost and availability of water to 
all uses, which could be addressed using market means.  For example, there is overuse of 
water in the Gnangara mound, and it has been suggested (e.g. Delroy 2004, personal 
communication) that this could be dealt with by buying out some farmers and potentially 
offering to relocate them to less stressed areas.  Similarly, some of the water used to irrigate 
pastures in the Peel-Harvey region is readily substitutable as a source of urban water, and 
given the relatively low opportunity cost of this water, a buy back policy could be considered.  
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However, there are some complexities regarding the implementation of buy back policies that 
need to be considered.  Most importantly, adjustment costs and the time taken to adjustment 
are important factors that need to be taken into account when planning water policy reform.  
The values shown in this report should not be interpreted as the cost of buying farmers out to 
achieve immediate reallocation objectives, because they do not take into account the 
additional value of sunk assets invested in existing activities.  Because the pace of reform 
impacts significantly on the cost of adjustment, an integrated water use plan that takes 
account of future demands for water across all sectors, and potential opportunities for 
relocating high value horticultural crops, will reduce the cost of overall policy reform whilst 
ensuring that growth of high valued irrigation enterprises is not impeded.  
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7. Appendices 
7.1 Data interpretation issues 
ABS data from the 2000/01 census provided conflicting estimates of irrigated land use.  
Detailed questions on individual crop areas (where these crops are irrigation dependent) 
provide on estimate of irrigated area, and in a separate question there was data collected on 
total area irrigated by broad irrigation category.  In general, the area planted statistics were 
greater than the irrigated statistics, and discussions with irrigators on the Irrigation Steering 
Committee indicated that the area planted statistics were likely to be answered more 
accurately by farmers.  Consequently, these data were used to provide estimates of irrigated 
land use in this study.  The differences between these two estimates for vegetables are 
presented in Table 25. 
Table 25. Comparison of irrigated area and cropped area statistics for vegetables, 2001 
Region Irrigation statistics Area planted statistics 
East Kimberley 2,426 2,449 
West Kimberley 211 391 
Gascoyne 432 622 
Gingin 1,073 1,339 
Metro East 13 40 
Metro North 1,032 1,292 
Metro South 643 940 
Mid-West 60 114 
Peel-Harvey 753 895 
PWB 1,745 2,008 
Great Southern 194 589 
Whicher 661 764 
Total 9,243 11,443 
Source:  AgStats. Based on 2000/01 census. 
ABS data on fruit areas are reported in Table 26.  The area developed is from the cropping 
question, and indicates the total area planted including that under production and not yet 
tropical” categories.  At the State level the area planted is 20% higher than the reported area 
irrigated.  This might be attributed to differences in timing, for example, the area irrigated 
during the year of the census may diverge from the total area developed at the end of the 
census year, when there has been a significant development of new plantings over the year.  
In percentage terms, the discrepancy between area irrigated and area developed is largest 
for the Gingin and Great Southern regions, which have experienced rapid expansion in olive 
plantings. 
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Table 26. Fruit production, reported areas, 2001 
 Irrigated area Developed area 
Berry and 
tropical Orchard 
Gingin 798 1,431 1 1,429 
Metro North 278 301 89 212 
Metro East 1,199 1,565  1,549 
Metro South 269 330 8 322 
Mid-West 397 85  83 
Peel-Harvey 415 470 2 468 
Whicher 321 341 5 336 
PWB 2,404 3,006 27 2,979 
Great Southern 831 1,177 31 1,145 
East Kimberley 711 506 139 367 
West Kimberley 40 54 8 46 
Gascoyne 386 465 185 281 
Total 8,050 9,729 493 9,218 
Source:  ABS catalogue  7117.0.30.001, AgStats on GSP. 
Increases in olive plantings have been a driving force in the expansion of irrigated fruit area 
in recent years, and was shown in Table 26 it is in the regions where olive plantings have 
dominated where irrigated area data are most questionable.  Department of Agriculture and 
Food staff raised concern about the reliability of ABS data on olive plantings, but a 
comparison of these data with an alternative estimate of tree plantings derived from records 
of nursery sales (Sweeney 2003) did not support this concern.  
Whilst all of the southern irrigation zones had areas planted to olive trees in 2001, the two 
most significant zones were Gingin (68% of total State plantings) and the Great Southern 
(18%).  Evidence from Sweeney (based on projected sales) indicates that the olive boom 
slowed over 2002/03. 
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
Dec-99 Apr-01 Sep-02 Jan-04
O
liv
e 
P
la
nt
in
gs
 m
ill
io
ns
 tr
ee
s
Sweeney, Nursery Sales
ABS Mar 01
 
Figure 10. Olive tree plantings, ABS and alternative estimate, WA. 
Data on total area of grape plantings in 2001, based on the cropping question, are generally 
higher than the reported area irrigated, as shown in Table 9. 
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Table 27. Grape area 2001 
 Irrigation statistics 
Vineyard area
statistics 
Gingin 288 272 
Metro North 687 972 
Metro East 240 392 
Metro South 28 33 
Mid-West 20 18 
Peel-Harvey 235 275 
Whicher 3,506 4,222 
PWB 1,050 1,712 
Great Southern 1,923 2,097 
East Kimberley  9.4 
West Kimberley  66 
Gascoyne 66 73 
Total 8,046.56 10,145.5 
7.2 Irrigation development costs 
In order to standardise the assumptions about developing different fruit enterprises, a full 
costing of developing farm level infrastructure for irrigation was included.  One of the main 
uncertainties regarding irrigation costs appears to be the cost of maintenance, and there is 
scant information available from secondary sources on this cost.  Rules of thumb that assign 
maintenance costs as a ratio of capital cost were used for maintenance costs.  An example is 
shown for development of water supply and irrigation for a 20 ha orchard.  The maintenance 
cost is the multiple of the annualised capital cost and the maintenance cost multiplier shown 
in Table 28, and an illustration of size economies of such a development is given in 
Figure 11. 
In the analysis of returns to perennial horticulture, it is assumed that area expansion at the 
farm level would be of large scale, and the costs of developing the farm for irrigation are 
based on the per hectare cost of relatively large scale development. The costs of setting up 
irrigation layout was calculated using capital costings provided in the Department of 
Agriculture and Food budgets, and based on the maintenance cost multipliers in Table 28.  
Results are shown in Table 29. 
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Table 28. Irrigation development costs for a 20 ha vineyard, and estimated maintenance cost 
 Cost Years Maintenance multiplier Annualised Maintenance 
Costs of developing farm level infrastructure (fixed costs) 
Dam/bore 21,600 25 0.5 $1,532.57 $766.29 
Pump 4,000 15 4 $385.37 $1,541.48 
Filter, controller 7,000 15 4 $674.40 $2,697.58 
Other 3,000 15 2 $289.03 $578.05 
Main Line 7,000 15 2 $674.40 $1,348.79 
Design 600 15 2 $57.81 $115.61 
 43,200   $3,613.57 $7,047.80 
Cost of developing irrigated area (cost per hectare) 
Sub main (50 mm) 187     
13 mm pipe, drippers 1,197     
Misc. fittings 239     
Sub main installation 275     
Installation 495     
Cost $/ha 2,393 15 2 $230.55 $461.09 
Maintenance multipliers from (http://www.gov.on.ca/OMAFRA/english/environment/irrigation/analyzing.htm). 
 
 
 
Table 29. Capital and maintenance costs of irrigation development 
Costs of developing irrigation for perennial fruit growing 
1.  Cost per hectare for headworks Capital Maintenance 
Large scale self-supply $180.68 $352.39 
Large scale scheme $  84.30 $164.42 
2.  Variable costs of irrigation layout 
Annualised 
Commodity 
Capital cost Capital Maintenance 
Wine grapes $2,393 $230.55 $461.09 
Table grapes $4,140 $497.17 $994.34 
Apples and plums $4,831 $465.43 $930.86 
Oranges $5,308 $511.38 $1,022.77 
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$1,000.00 
$1,500.00 
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Figure 11. Calculated economies of scale in development and maintenance of irrigation for perennial 
crops. 
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